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(57) ABSTRACT 

A display is provided for providing a restricted viewing 
mode, for example a private viewing mode where the 
display may be viewed from a limited region of space by a 
single viewer and not by other people outside the viewing 
region. The display comprises a source of polarised light and 
an output polariser. Between these are provided a control 
lable pixellated spatial polarisation modulating layer, for 
example of the liquid crystal type. Also, a polarisation 
modifying layer is provided between the polarisers and is 
spaced from the modulating layer. The modifying later 
comprises a plurality of sets of regions with the regions of 
each set having the same polarisation modifying effect and 
the regions of different sets having different polarisation 
modifying effects. The light path between the modulating 
layer and the modifying layer is polariser-free. A controller 
supplies modi?ed image data to compensate for the effect of 
each region through which light from one or more associated 
pixels passes to the viewing region so that a viewer in the 
viewing region sees the displayed image. Outside the view 
ing region, light passes through regions for which the pixels 
receive uncompensated data so that the image is obscured or 
corrupted and is not visible. The modifying layer may be 
disablable in order to provide a public viewing mode for 
viewers throughout a wide viewing region. 
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DISPLAY 

TECHNICAL FIELD 

[0001] The present invention relates to a display for pro 
viding a restricted viewing mode. Such a display may, for 
example, be used to provide a private viewing mode with a 
relatively narrow viewing angle. Another example of use of 
such a display is to provide an optical decoding mode for 
viewing encoded image data. Such displays may be switch 
able between the restricted mode and an alternative mode, 
such as a public viewing mode with a relatively wide 
viewing angle. 

BACKGROUND 

[0002] A number of devices are known which restrict the 
range of angles or positions from which a display can be 
viewed. US. Pat. No. 6,552,850 discloses a method for the 
display of private information on a cash dispensing machine. 
Light emitted by the machine’s display has a ?xed polari 
sation state. The machine and its user are surrounded by a 
large screen of sheet polariser which absorbs light of that 
polarisation state but transmits the orthogonal state. Passers 
by can see the user and the machine but cannot see infor 
mation displayed on the screen. 

[0003] A versatile method for controlling the direction of 
light is a ‘louvred’ ?lm as illustrated in FIG. 1 of the 
accompanying drawings. The ?lm comprises alternating 
transparent and opaque layers 1 and 2 in an arrangement 
similar to a Venetian blind. Like a Venetian blind, it allows 
light to pass through it when the light is travelling in a 
direction 3 parallel or nearly parallel to the layers, but 
absorbs light travelling at large angles 4 to the plane of the 
layers. These layers 1, 2 may be perpendicular to the surface 
of the ?lm or at some other angle. Methods for the produc 
tion of such ?lms are disclosed in USRE27617, US. Pat. 
No. 4,766,023 and US. Pat. No. 4,764,410. 

[0004] Other methods exist for making ?lms with similar 
properties to the louvred ?lm, for example, as disclosed in 
US. Pat. No. 5,147,716 and US. Pat. No. 5,528,319. 

[0005] US. Pat. No. 6,239,853 discloses a privacy device 
based on a different principle. The device is shown in FIG. 
2 of the accompanying drawings and comprises two linear 
polariser sheets 5, 6 whose transmission axes 7, 8 are 
orthogonal. Between the sheets 5, 6 are two layers 9, 10, 
each of which comprises alternating stripes of isotropic 
material 11 and half-wave retarder 12. The layers 9, 10 are 
arranged so that any ray of light passing through the device 
in the direction perpendicular to its plane passes through 
exactly one half-wave retarder 12. The device is therefore 
substantially transparent to such rays (except for any absorp 
tion in the ?rst polariser). If the device is placed on the front 
of a ?at-panel display, then a viewer on the central axis will 
be able to read the display. 

[0006] As the viewer moves to the left or right, a propor 
tion of rays which would otherwise have reached the viewer 
passes through either no or two retarders 12, and so is 
absorbed. The device therefore partially obscures the display 
to off-axis viewers and provides privacy. 

[0007] This device has the following disadvantages. It 
requires four extra layers, adding considerably to the cost 
and bulk of the display. It is not switchable to a public mode. 

Jun. 15, 2006 

As the user’s head moves further to the side, past the point 
where all light is blocked, the display becomes visible again. 
In fact, light is completely blocked to viewers only at 
isolated points on a left-right axis. 

[0008] A different method for restricting the viewing angle 
of a display is described in ‘Secure information display with 
limited viewing Zone by use of multi-color visual cryptog 
raphy’, H. Yamamoto et al, Optics Express v12, pp 1258 
1270 (2004) and ‘Use of visual cryptography to limit 
viewing Zone of information display’, H. Yamamoto et al, 
Proceedings of the 10th International Display Workshops 
(Fukuoka, Japan, 2003), paper VHF3-2. 

[0009] The method is known as ‘visual cryptography’. 
The pixels of a display panel are divided into groups. In the 
example shown in FIG. 3 of the accompanying drawings, 
the display is monochrome and each group is a square of 
four pixels. One such square is indicated by a circle at (b). 
A mask shown at (c) is placed in front of the display and 
separated from it by a small distance. The portion of the 
mask in front of each pixel group contains a pattern which 
obscures two of the four pixels in the group. The six possible 
patterns are shown at (a). The choice of which pixels are 
obscured in each group is made randomly when the mask is 
designed. 

[0010] An image which is to be displayed on the device (in 
this case, a letter ‘X’) is shown at (b). The image data sent 
to the display panel is shown at (d). Again, one of the six 
possible patterns at (a) is displayed in each group of four 
pixels. The choice is made so that two white pixels are 
visible in each group which is white in the intended image, 
and no white pixels are visible in each group which is black 
in the intended image. When the panel is viewed through the 
mask, a viewer in the central viewing position sees exactly 
two of the pixels in each group of four. For white groups in 
the ‘X’, these pixels are white but, for black groups in the 
‘X’, these pixels are dark. 

[0011] How the panel appears through the mask to a 
viewer in the central position is shown at (e). The ‘X’ is 
visible with considerable loss in image quality and bright 
ness. When the user’s head moves away from the central 
position, parallax causes different pixels to be exposed and 
the viewer sees a random dot pattern, for example as shown 

at (f). 

[0012] This method provides privacy, but has a number of 
disadvantages. The brightness of the display is reduced 
because the mask absorbs half the light reaching it. The 
effective number of pixels in the display is halved. Also the 
random mask pattern causes the display to have a mottled 
appearance. 

[0013] The method may be extended to colour displays, as 
described in the ?rst paper mentioned above, but the disad 
vantages remain in this case. 

[0014] Visual cryptography devices have a second appli 
cation. Because the image on a display is intelligible only 
when the mask is present, the mask may function as a key 
in a cryptographic system. For example, the data to be 
displayed on the display panel may be sent by a transmission 
channel which has no security, such as a television broad 
cast, while the amplitude mask is possessed only by the 
intended receiver of the information. 
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[0015] There are also some applications Where a user 
Wishes to use a non-secure terminal to vieW information 

from a secure information source. For example, a user may 

Wish to use a computer oWned by a third party (for example, 
in a hotel or in some public place) to access bank account 
details. In this situation, it is useful to send an encrypted 
image to a display Which can be read only When the user 
places a mask over the display. The ‘visual cryptography’ 
scheme may be used for this application if the user carries 
the mask. 

[0016] The devices described above may be placed either 
in front of a display panel or betWeen a transmissive display 
panel and its backlight to restrict the range of angles from 
Which the display can be vieWed. In other Words, they make 
a display ‘private’. HoWever none of them gives a method 
by Which the privacy function can be switched off to alloW 
vieWing from a Wide range of angles. 

[0017] US 2002/0158967 shoWs hoW a light control ?lm 
can be mounted on a display so that the light control ?lm can 
be moved over the front of the display to give a private mode 
or mechanically retracted into a holder behind or beside the 
display to give a public mode. This method has the disad 
vantages that it contains moving parts Which may fail or be 
damaged and that it adds bulk to the display. 

[0018] A method for sWitching from public to private 
mode With no moving parts is to mount a light control ?lm 
behind the display panel and to place a diffuser Which can be 
electronically sWitched on and off betWeen the light control 
?lm and the panel. When the diffuser is inactive, the light 
control ?lm restricts the range of vieWing angles and the 
display is in private mode. When the diffuser is sWitched on, 
it causes light travelling at a Wide range of angles to pass 
through the panel and the display is in public mode. It is also 
possible to mount the light control ?lm in front of the panel 
and place the sWitchable diffuser in front of the light control 
?lm to achieve the same effect. 

[0019] SWitchable privacy devices of these types are dis 
closed in US. Pat. No. 5,831,698, US. Pat. No. 6,211,930 
and US. Pat. No. 5,877,829. They share the disadvantage 
that the light control ?lm alWays absorbs a signi?cant 
fraction of the light incident upon it, Whether the display is 
in public or private mode. The display is therefore inef?cient 
in its use of light. Since the diffuser spreads light through a 
Wide range of angles in the public mode, these displays are 
also dimmer in public than in private mode unless the 
backlight is made brighter to compensate. 

[0020] Another disadvantage relates to the poWer con 
sumption of these devices. In the public mode of operation, 
the diffuser is switched off. This often means that voltage is 
applied to a sWitchable polymer-dispersed liquid crystal 
di?fuser. More poWer is therefore consumed in the public 
mode than in the private mode. This is a disadvantage for 
mobile devices Which are used for most of the time in the 
public mode and Which have limited battery poWer. 

[0021] A third knoWn method for making a sWitchable 
public/private display is disclosed in US. Pat. No. 5,825, 
436. The light control device in this patent is similar in 
structure to the louvred ?lm described earlier. HoWever, 
each opaque element in the louvred ?lm is replaced by a 
liquid crystal cell Which can be electronically sWitched from 
an opaque state to a transparent state. The light control 
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device is placed in front of or behind a display panel. When 
the cells are opaque, the display is in its private mode; When 
the cells are transparent, the display is in its public mode. 

[0022] A ?rst disadvantage of this method is in the diffi 
culty and expense of manufacturing liquid crystal cells With 
an appropriate shape. A second disadvantage is that, in the 
private mode, a ray of light may enter at an angle such that 
it passes ?rst through the transparent material and then 
through part of a liquid crystal cell. Such a ray Will not be 
completely absorbed by the liquid crystal cell and this may 
reduce the privacy of the device. 

[0023] Another method for making a sWitchable public/ 
private display device is disclosed in JP2003-233074. This 
device uses an additional liquid crystal panel Which is 
segmented. Different segments of the panel modify the 
vieWing characteristics of different areas of the display in 
different Ways, With the result that the Whole display panel 
is fully readable only from a central position. In particular, 
the additional liquid crystal layer is segmented into tWo sets 
of regions. The liquid crystal is aligned differently in the tWo 
sets of regions so that, for a part of the main LCD panel 
vieWed through regions in the ?rst set, brightness decreases 
sharply as the vieWer moves to the left. This decrease in 
brightness happens because, When light passes through a cell 
in the additional layer at an angle to the normal, the angle 
betWeen the electric ?eld vector and the LC director is 
different from that for rays passing through in the normal 
direction and so the polarisation changes in a different Way. 
Similarly, When part of the main LCD panel is vieWed 
through a region in the second set, the brightness decreases 
sharply as the vieWer moves to the right. Changes in the 
display appearance as the user moves are therefore due to 
angle-dependence in the polarisation-modifying character 
istics of the layer. 
[0024] A disadvantage of this method is that the Whole of 
the display is never obscured, so the privacy provided is not 
complete. Because of this limitation, the level of privacy for 
images or for text in large font siZes is not good. 

[0025] A disadvantage of nearly all previously knoWn 
privacy devices is that they are less effective under very loW 
ambient light conditions. The only exception to this rule is 
the ‘visual cryptography’ method. All other previously 
knoWn methods rely on preventing light from reaching 
unWanted vieWers. Any method of doing this leaks a small 
amount of light, especially in areas close to the boundary 
betWeen the excluded and permitted vieWing Zones. Under 
very loW ambient lighting, unWanted vieWers may be able to 
perceive this light and therefore read the display. 
[0026] Autostereoscopic displays achieve a three-dimen 
sional stereo effect by alloWing the left eye of the user to see 
one image While the right eye sees another Without the user 
Wearing specially designed glasses. One Widely-used 
method for electronic displays is the parallax barrier 
described, for example, in the book ‘Stereoscopy’ by N. A. 
Valyus (Focal Press, 1966), Where a screen With opaque and 
transparent portions is placed close to the display panel, 
either in front or behind. When the user is in the correct 
position, the screen prevents light passing through some of 
the pixels of the display from being seen by the left eye and 
prevents light passing through the rest of the pixels from 
being seen by the right eye. 

[0027] When ordinary (tWo-dimensional) images are 
shoWn on such a display, it is useful to sWitch the parallax 
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barrier off, that is, make the entire barrier transparent. One 
method for achieving this is disclosed in Us. Pat. No. 
6,055,103 and EP0887666. The method uses a patterned 
retarder, Which cannot be sWitched on and off, and a single 
switchable Wave-plate. 

[0028] Such a sWitchable parallax barrier is illustrated in 
FIG. 4 of the accompanying draWings and comprises an 
input polariser 20 Whose transmission axis 21 is oriented at 
0°. A patterned half Wave-plate 22 comprises regions A 
Whose optic axes are oriented at 45° to the axis 21 Whereas 
regions B have optic axes oriented parallel to the axis 21. A 
uniform sWitchable half Wave-plate 23 is sWitchable 
betWeen the state illustrated in FIG. 4 With its optic axes 24 
oriented at 225° to the axis 21 and another state in Which the 
half Wave-plate is effectively disabled. An output polariser 
25 has its transmission axis 26 oriented at 90° to the axis 21. 
The sWitchable parallax barrier may be disposed in front of 
or behind a display panel to permit sWitching betWeen an 
autostereoscopic 3D mode and a 2D or single vieW mode. 

[0029] When the sWitchable Wave-plate 23 is switched off, 
the parallax barrier is in its ‘on’ state. Light 27 passing 
through the loWer polariser is linearly polarised With its 
electric ?eld direction at 0 degrees. Those rays Which pass 
through the regions A of the Wave-plate have their plane of 
polarisation rotated so that the electric ?eld direction on 
leaving the Wave-plate 22 is 90 degrees. Rays passing 
through the regions B of the Wave-plate 22 are unchanged in 
polarisation. The sWitchable Wave-plate 23 has no effect in 
this state, so rays Which pass through regions B are absorbed 
by the upper polariser 25, and rays Which pass through 
regions A are transmitted. The structure therefore acts as a 
parallax barrier With regions A being transparent and regions 
B being opaque. 

[0030] When the Wave-plate is sWitched on, light passing 
through both sections A and B has its plane of polarisation 
rotated by the uniform half-Wave plate 23 so that, When it 
reaches the upper polariser 25, its electric ?eld direction 
forms an angle of 45 degrees With the transmission axis 26 
of the polariser 25. The intensity of transmission through 
sections A and B is therefore the same and the parallax 
barrier is switched off. 

[0031] Patterned Wave-plates as used in this device can be 
made in a number of Ways using polymerisable liquid 
crystals, including the chemicals knoWn as ‘reactive 
mesogens’. Details of their fabrication are disclosed in Us. 
Pat. No. 6,055,103, EP0887666, U.S. Pat. No. 6,624,863 and 
EP0887667. EP1047964 discloses details of re?nements 
using multiple retarder layers to improve the variation of 
properties of the retarders With Wavelength. 

SUMMARY 

[0032] According to the invention, there is provided a 
display comprising: a polarisation modulating layer having 
a plurality of pixels; a ?rst polariser disposed at a side of a 
display surface of the polarisation modulating layer; a 
source of light disposed at a side of a back of the polarisation 
modulating layer; and a polarisation modifying layer dis 
posed betWeen the source of light and the ?rst polariser and 
spaced from the polarisation modulating layer. The polari 
sation modifying layer has at least a ?rst region and a second 
region. The polarisation modulating layer includes a single 
pixel or a plurality of pixels and has a ?rst pixel associated 

Jun. 15, 2006 

With the ?rst region and a second pixel associated With the 
second region. In each of a ?rst set including the ?rst pixel 
and the ?rst region and a second set including the second 
pixel and the second region, each region of the polarisation 
modulating layer has a same polarisation effect. BetWeen 
different sets, such as a set including the ?rst pixel and the 
second region or a set including the second pixel and the ?rst 
region, each region of the polarisation modulating layer has 
a different polarisation effect. 

[0033] The display may further comprise a second 
polariser betWeen the polarisation modulating layer and the 
source of light. 

[0034] The polarisation modulating layer may comprise a 
liquid crystal layer. 
[0035] The ?rst region of the polarisation modifying layer 
may have substantially no polarisation modifying effect. 

[0036] The second region of the polarisation modifying 
layer may be arranged to change a polarisation of light 
passing therethrough by 90°. The second region of the 
polarisation modifying layer may comprise a polarisation 
rotator, such as a tWisted nematic liquid crystal polarisation 
rotator. 

[0037] The display may further comprise a controller 
arranged to supply, to each pixel, image data modi?ed so as 
to compensate for the polarisation modifying effect of the 
polarisation modifying layer. The controller may be 
arranged to supply, to each pixel, image data representing a 
difference betWeen a pixel polarisation change for selecting 
a desired pixel grey level and a polarisation change pro 
duced by the polarisation modifying layer. 

[0038] The display may provide a private vieWing mode in 
Which visibility of a displayed image is restricted to a limited 
region of space suf?cient only for a vieWer to vieW the 
image. The modifying layer may be disablable to provide a 
public vieWing mode in Which the displayed image is visible 
throughout an extended region of space larger than the 
limited region. In the public vieWing mode, the regions of all 
of the sets may be arranged to have substantially the same 
polarisation modifying effect, such as substantially no 
polarisation modifying effect. 

[0039] The polarisation modifying layer may comprise a 
liquid crystal layer. The second region of the polarisation 
modifying layer may comprise a FreedericksZ cell With an 
alignment direction oriented at substantially 450 to a trans 
mission axis of the ?rst polariser. The ?rst region of the 
polarisation modifying layer may comprise a FreedericksZ 
cell With an alignment direction oriented substantially par 
allel to a transmission axis of the ?rst polariser. 

[0040] The polarisation modifying layer may comprise a 
patterned electrode de?ning the regions. The polarisation 
modifying layer may comprise a FreedericksZ cell, a tWisted 
nematic layer or a tWisted vertically aligned nematic layer. 

[0041] The polarisation modulating layer may be arranged 
to output light of substantially linear polarisation for all 
pixel grey levels. The polarisation modifying layer may 
comprise a half Wave-plate With optic axes Which are 
differently oriented in the regions of the different sets. The 
modifying layer may be disposed betWeen the polarisation 
modulating layer and a uniform sWitchable Wave-plate. The 
polarisation modulating layer may be of an in-plane sWitch 
ing liquid crystal type. 
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[0042] The polarisation modulating layer may be a liquid 
crystal switchable betWeen substantially vertical and sub 
stantially horizontal alignments. The regions of the different 
sets may provide different retardations. 

[0043] The pixels of the polarisation modulating layer 
may be arranged as composite colour groups repeating in a 
roW direction of the display. Each of the regions may be 
aligned in a vieWing direction With a set of the composite 
colour groups With at least one pixel at each end of the set 
of composite colour groups being arranged to display a ?xed 
brightness. The ?xed brightness may be substantially equal 
to 50% of the maximum brightness. The at least one pixel 
may comprise a blue pixel, red and blue pixels, or a 
composite colour group. 

[0044] The display may provide an optical decoding mode 
for vieWing encoded image data. The modifying layer may 
be disablable to provide a plain vieWing mode for vieWing 
non-encoded image data. 

[0045] Such a display may be embodied With only a single 
optical layer additional to that required for a non-restricted 
vieWing mode so that the display may be relatively thin and 
the cost of manufacture is relatively loW. When used to 
provide a private vieWing mode, privacy is maintained even 
under relatively loW ambient lighting conditions so that it is 
possible to avoid the disadvantage of many knoWn types of 
privacy displays, in Which leakage of light may make the 
display readable from a Wider range of angles than desired. 
For displays Which are sWitchable betWeen public and 
private vieWing modes, the brightnesses of both modes are 
essentially the same. 

[0046] The polarisation modifying layer may further com 
prise a third region. The polarisation modulating layer 
includes a single pixel or a plurality of pixels and has a third 
pixel associated With the third region. The display may 
comprise a third set including the third pixel and the third 
region. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0047] FIGS. 1 and 2 are diagrams illustrating knoWn 
types of privacy displays; 

[0048] FIG. 3 is a diagram illustrating a knoWn technique 
for providing visual cryptography; 

[0049] FIG. 4 is a diagram illustrating a knoWn type of 
sWitchable parallax barrier for an autostereoscopic display; 

[0050] FIG. 5 is a cross-sectional diagram illustrating a 
display constituting an embodiment of the invention; 

[0051] FIG. 6 is a diagram illustrating operation of a 
display of the type shoWn in FIG. 5; 

[0052] FIG. 7 is a diagram illustrating vieWpoint correc 
tion; 

[0053] FIG. 8 is a diagram illustrating the arrangement of 
colour pixels for providing increased vieWing angle; 

[0054] FIG. 9 is a cross-sectional diagram illustrating a 
display constituting an embodiment of the invention; 

[0055] FIG. 10 is a diagram illustrating operation of the 
display of FIG. 9; 
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[0056] FIG. 11 is a cross-sectional diagram illustrating a 
display constituting an embodiment of the invention; 

[0057] FIG. 12 is a diagram illustrating vieWing angle in 
a private vieWing mode of the display of FIG. 12; 

[0058] FIG. 13 is a diagram illustrating a display consti 
tuting an embodiment of the invention; 

[0059] FIG. 14 is a diagram illustrating a display consti 
tuting an embodiment of the invention; 

[0060] FIG. 15 is a diagram illustrating the use of com 
pensation ?lms; and 

[0061] 
shapes. 

FIG. 16 is a diagram illustrating various pixel 

[0062] Like reference numerals refer to like parts through 
out the draWings. 

DETAILED DESCRIPTION 

[0063] The display shoWn in FIG. 5 comprises a liquid 
crystal display panel 30 of the transmissive type and a 
backlight 31. The display comprises an input polariser (a 
second polariser) 32 and an output polariser (a ?rst 
polariser) 33, Whose transmission axes are oriented appro 
priately for the speci?c type of display panel. For example, 
the transmission axes may be oriented substantially at 90° to 
each other. As an alternative, Where the backlight 31 sup 
plies linearly polarised light, the polariser 32 may be omit 
ted. 

[0064] A liquid crystal layer forming display pixels 34 is 
disposed betWeen the polarisers 32 and 33. The display 
pixels 34 may of any suitable type for modulating the 
polarisation of light from the polariser 32 in accordance With 
image data supplied by a controller 35. Other elements, such 
as substrates, alignment layers, electrode layers and colour 
?lters, may be present as appropriate but are not shoWn in 
FIG. 5 for the sake of simplicity of illustration. The display 
pixels 34 thus form a pixellated polarisation modulating 
layer controlled by the controller 35 so as to convert image 
grey scale data (either monochrome or colour) into a polari 
sation modulating effect for modulating the polarisation of 
light incident from the polariser 32. 

[0065] A polarisation modifying layer 36 is disposed 
betWeen the polarisers 32 and 33 and is spaced from the 
display pixel layer 34 by a distance h. The layer 36 is 
illustrated as being disposed betWeen the display pixel layer 
34 and the output polariser 33 but may alternatively be 
disposed betWeen the pixel layer 34 and the input polariser 
32. Further elements such as birefringent compensation 
?lms may also be provided but are not shoWn in FIG. 5 for 
the sake of simplicity. 

[0066] The polarisation modifying layer 36 comprises a 
plurality of sets of regions With the regions of the different 
sets being arranged as a one-dimensional or tWo-dimen 
sional array. In the embodiment illustrated in FIG. 5, there 
are three sets of regions With regions from the ?rst, second 
and third sets being illustrated at 37, 38 and 39, respectively. 
The sets of each region have the same polarisation modify 
ing effect on light from the display pixels 34 but the sets of 
different regions have different modifying effects. The part 
of the display betWeen the layers 34 and 36 does not contain 
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any means for polarising light and may therefore be 
described as a polariser-free light path. 

[0067] Although three sets of regions 37 - 39 are illus 
trated in FIG. 5, the display may comprise any number of 
sets of regions greater than one. The regions of one of the 
sets may be arranged substantially not to have any polari 
sation modifying effect on light from the display pixels 34. 
In order to provide a public vieWing mode, the polarisation 
modifying layer 36 may be disablable. In such a public 
mode, the regions 37-39 of the different sets are arranged to 
have substantially the same polarisation modifying effect, 
Which may be substantially no polarisation modifying effect, 
on light from the display pixels 34. 

[0068] In the private vieWing mode, the display 30 limits 
the visibility of an image displayed by the display pixels 34 
to a relatively narroW vieWing angle suf?cient for a vieWer 
Who is correctly positioned to see the image but suf?ciently 
narroW substantially to prevent others from seeing the 
image. Light from the backlight 33 passing through the 
display 30 must pass through one of the pixels of the layer 
34 and through one of the regions 37-39 of the layer 36. Any 
polarisation modi?cation by the region of the layer 36 affects 
the apparent brightness of the underlying pixels When 
vieWed through that region. Also, the brightness of any pixel 
of the layer 34 depends on the type of region 37-39 (i.e. to 
Which set it belongs) through Which it is vieWed so the pixel 
brightness depends on the position of the vieWer. 

[0069] The display 30 may be arranged to be vieWed from 
any desired vieWing direction in the private vieWing mode. 
Although private vieWing Will frequently be required from a 
central position such that the vieWer is located substantially 
on or near a line perpendicular to the centre of (“the normal 
to”) the display, other applications may require a different 
vieWing direction in the private vieWing mode. For example, 
if the display is used in an automotive vehicle and located in 
a dashboard betWeen a driver position and a passenger 
position, the vieWing angle may be required to be such that 
the display may only be vieWed by the passenger in the 
private vieWing mode, for example so as to avoid distracting 
the driver or so as to meet legal requirements. The vieWing 
direction Will then be at an acute angle to the normal to the 
display. 
[0070] In the private vieWing mode, the controller 35 
controls the display pixels 34 by supplying data Which are 
modi?ed to compensate for the effect of the region of the 
layer 36 through Which the pixels are intended to be vieWed. 
Each region 37-39 is associated With a group of pixels, 
Which group may comprise a single pixel or a plurality of 
pixels. In the example illustrated in FIG. 5, each region such 
as 38 is aligned and associated With tWo pixels such as 40 
and 41. The image pixel data to be displayed by the pixels 
40 and 41 are thus modi?ed by the controller 35 so as to 
compensate for the polarisation modifying effect of the 
region 38 in order for the displayed image to be visible to a 
vieWer located at or adjacent the normal to the display. For 
example, the controller 35 controls the pixels 40 and 41 to 
provide a change in polarisation corresponding to the dif 
ference betWeen polarisation change Which Would be 
required in the absence of the polarisation modifying layer 
38 and the polarisation change produced by the region 38. 
Thus, a vieWer vieWing the display from a position normal 
to the display centre sees an uncorrupted image Within a 
restricted region of space. 
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[0071] Because of the separation h betWeen the layers 34 
and 36, off-axis vieWing of the display results in parallax 
effects, for example With the pixels 40 and 41 being vieWed 
through the region 37. The compensation of the image data 
provided by the controller 35 is inappropriate to the polari 
sation modifying e?fect produced by the region 37 so that the 
image displayed in that vieWing direction is corrupted in 
such a Way that it is not visible. In particular, the regions 37 
to 39 are arranged such that images, such as text, vieWed 
from directions aWay from the normal to the display are 
unreadable. It is thus possible to provide a display With a 
private vieWing mode requiring a single additional layer 36 
(With associated elements) and capable of maintaining 
unreadability outside the private vieWing region, even in loW 
ambient lighting conditions. 

[0072] Although the layer 36 may be passive so that its 
polarisation modifying effects are alWays present, the layer 
36 may be disablable in order to permit sWitching betWeen 
public and private vieWing modes. When the layer 36 is 
disabled, it provides a uniform, preferably Zero, polarisation 
modifying effect. The controller 35 supplies uncompensated 
image data to the display pixels 35 (or provides uniform 
compensation to all pixels for the residual effects of the layer 
36). The modifying layer 36 thus has substantially no effect 
and the displayed image is visible throughout a Wider range 
of vieWing angles and vieWer positions. 

[0073] An example of the display shoWn in FIG. 5 but 
comprising tWo sets of regions is illustrated in FIG. 6. One 
set of regions is referred to as “non-inverting” and these 
regions have substantially no effect on the polarisation of 
light passing therethrough. Such a region is illustrated by the 
unoccupied squares such as 45 at (a) in FIG. 6. Other 
regions referred to as “inverting” have the effect of convert 
ing vertically polarised light to horizontally polarised light 
and of converting horizontally polarised light to vertically 
polarised light. Such a region is illustrated at 46 as a square 
containing a curved arroW and may, for example, be embod 
ied by a half Wave retarder or by a tWisted nematic liquid 
crystal cell. An advantage of using a polarisation modifying 
layer 36 having only tWo sets of regions is that fabrication; 
is simpler and a Wide range of Well-developed liquid crystal 
technologies may be used. Also, the liquid crystal mode used 
in the modifying layer 36 is independent of the liquid crystal 
mode used in the display pixels 34. In the example illus 
trated in FIG. 6, it is intended to display the character “X” 
in black against a White background. The pattern of the array 
of regions 45 and 46 of the tWo sets illustrated at (a) is 
chosen so as to “scramble” the image appropriately When 
vieWed off-axis relative to the display. For example, the 
pattern may be determined by alloWing a random number 
generator to choose independently Whether each element is 
inverting or non-inverting, each choice being given prob 
ability 0.5. The pattern of inverting and non-inverting ele 
ments must then be stored for use in displaying the image, 
as described beloW. To avoid the need for large amounts of 
storage, the pattern of a small area of the layer (for example, 
the 5x5 area shoWn in the diagram) may be determined 
randomly, and this small area may be repeated to cover the 
entire area of the display. 

[0074] In order to compensate for the inverting regions 
such as 46 When the display is vieWed on-axis, the controller 
35 modi?es the image data so that, in the absence of the 
polarisation modifying layer 36, the display Would appear as 
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illustrated at (b) in FIG. 6. This results in the image having 
the appearance illustrated at (c) in FIG. 6 When vieWed 
on-axis. However, When the display is vieWed off-axis as 
illustrated at (d) in FIG. 6, it has the appearance illustrated 
so that the image is corrupted and the vieWer cannot read the 
“X” Which is intended to be displayed. 

[0075] If more than tWo sets of regions are used in the 
modifying layer 36, the effect of the different sets is not 
limited to either inverting a pixel or leaving it unchanged but 
includes other possible effects on the displayed grey scale. 
This has the advantage of improving the level of privacy. For 
example, in the case of an image comprising black letters on 
a 50% grey background, Where the regions of the different 
sets invert or leave unchanged the polarisation, vieWers 
outside the intended vieWing region in the private vieWing 
mode see the pixels displaying the letter as 50% grey 
Whereas the background appears as a black and White 
pattern. The letter may therefore be readable outside the 
intended vieWing region. By providing more that tWo sets of 
regions With different modifying effects, this may be 
avoided. 

[0076] The pattern of regions illustrated at (a) in FIG. 6 
may be repeated across the display so as to cover the entire 
display area. 

[0077] In order for a vieWer at a ?nite distance r to see the 
display pixel 34 correctly aligned With the regions of the 
modifying layer 36, the Width p of the regions must be 
different from the pitch A of the pixels or groups of pixels 
as illustrated in FIG. 7. This requirement, Which is knoWn 
as “vieWpoint correction”, is Well knoWn for parallax bar 
riers as used in 3D displays and in cathode-ray tube displays 
and is disclosed, for example, by S. H. Kaplan, “Theory of 
Parallax Barriers”, Journal of the SMPTE, vol 59, pp 11-21 
(1952). When the layers 34 and 36 are separated by a 
medium, such as glass 42, having a refractive index n and a 
thickness h, the ratio of the Width p of the regions of the 
layers 36 and the pitch A of the pixels or pixel groups of the 
layer 34 is given by 

[0078] Where the layer 36 is betWeen the vieWer 43 and the 
layer 34, and 

[0079] Where the layer 34 is betWeen the layer 36 and the 
vieWer 43. 

[0080] The layer 36 may be made from liquid crystal in a 
number of different Ways. For example, a Freedericksz cell 
may be used. In this liquid crystal mode (see, for example, 
Liquid Crystal Displays: Addressing Schemes and Electro 
optic E?ects, by Ernst Lueder (Wiley-SID Series in Display 
Technology, 2001)), molecules are aligned horizontally 
When no ?eld is applied, and the liquid crystal cell is a 
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half-Wave plate. When a ?eld is applied, the molecules are 
oriented vertically (perpendicular to the plane of the panel) 
and there is no retardance. 

[0081] In inverting regions, the alignment direction is at 
45 degrees to the transmission axes of the polarisers. A 
half-Wave cell With this orientation changes the polarisation 
state of light passing through it so that horizontally (0 
degrees) polarised light becomes vertically polarised and 
vertically (90 degrees) polarised light becomes horizontally 
polarised. In non-inverting regions, the alignment direction 
may be parallel to the transmission axis of one of the 
polarisers. In this case, horizontally polarised light remains 
horizontally polarised and vertically polarised light remains 
vertically polarised. The non-inverting regions then have no 
effect on the brightness of pixels vieWed through them. 

[0082] This arrangement has the advantage that the layer 
can be fabricated using knoWn methods for patterning the 
alignment layer of a liquid crystal cell. These are described, 
for example, in US. Pat. No. 6,055,103, EP0887666, US. 
Pat. No. 6,624,863, EP0887667 and US patent application 
US20030137626 (M. Khazova; Sharp K. K. 2003). 

[0083] Alternatively, non-inverting regions may contain a 
transparent material that is not birefringent in place of the 
liquid crystal. This has the advantage that the non-transpar 
ent regions may be made by patterning a photo-resist layer 
using methods that are Well knoWn (see, for example, 
Microfabrication, by S. Franssila: Wiley (2004)). 
[0084] Alternatively, the entire additional layer may con 
sist of a Freedericksz cell With the alignment direction at 45 
degrees to the polarisation axis. In this case, the electrode on 
one side of the cell is patterned so that voltage is applied at 
all times to the non-inverting regions. Voltage is not applied 
to the inverting regions When the display is in its private 
mode. When the display is sWitched to its public mode, 
voltage is applied to all regions. This has the advantage that 
only patterning of the electrode is required; this is a simpler 
process than processing of a resist layer or of a multi 
direction alignment layer. 
[0085] Instead of the Freedericksz mode, the Well-knoWn 
tWisted nematic (TN) mode may be used (see, for example, 
Liquid Crystal Displays: Addressing Schemes and Electro 
optic E?ects, by Ernst Lueder (Wiley-SID Series in Display 
Technology, 2001)). The effect of the TN cell is to rotate the 
plane of polarisation of light so that the pixel is inverted as 
above. For example, a 900 polarisation rotation may be 
obtained for any tWist angle of the liquid crystal (see, for 
example, GB2390170). When voltage is applied to the cell, 
the effect is sWitched o?‘. If a TN cell is used, non-inverting 
regions may either be non-birefringent material or be 
sWitched to the non-inverting state by applying voltage, as 
described above for the Freedericksz mode, With the advan 
tages as described above. 

[0086] The 90-degree TN mode has the advantages that it 
has been highly developed for other display applications and 
that it can be operated in regimes Where it is substantially 
achromatic, so that problems With colour in the display are 
avoided. Examples of such regimes are the ?rst feW Gooch 
Tarry minima and the Mauguin limit. Details of these 
regimes are given, for example, by P. Yeh and C. Gu in 
Optics ofliquid crystal displays (Wiley 1999). 
[0087] Alternatively, the tWisted vertically-aligned nem 
atic (T-VAN) mode may be used. This mode is described in 














